The body weight and the activities of secretory enzymes in the salivary glands and in serum were examined in male Wistar rats following the induction of streptozotocin diabetes. Amylase activity in the salivary glands and serum of diabetic rats was reduced to about half compared with controls.
Male Wistar rats, 9-10 weeks of age, were used in this study. Diabetes was induced in rats (fasted for 17 hrs) by a single intravenous injection of streptozotocin (55 mg/kg body weight; Sigma, St. Louis, Missouri, U. S . A.) freshly dissolved in 5 mM citrate buffer (pH 4. 5). Control rats received citrate buffer only. Diabetic rats 7 days after streptozotocin treatment received a daily subcutaneous injection of insulin (10 units/day, Sigma) for one The submandibular, sublingual, and parotid glands, pancreas, and liver were dissected out separately, weighed, and homogenized in saline using a Polytron homogenizer (Kinematica, GmbH, Switzerland).
Each homogenate (except for that of liver, which was centrifuged at 10,000 g for 30 min) was centrifuged at 3,000 rev/ min for 10 min in a cold room; and the super- and pancreas of control, diabetic and insulintreated diabetic rats. In a previous study16), there was little activity detected in the parotid gland, serum and liver, so we did not assay the activity in these tissues. Protease activity in the submandibular gland of diabetic rats decreased to 75.8 % compared with that of the control. Insulin treatment restored the activity in the submandibular gland to the control level.
The protease activity in the diabetic pancreas decreased to 25.0 % compared with controls, but the activity did not recover after insulin treatment. There was a large variation in protease activity in the pancreas of individual rats. The activity in the sublingual gland was almost the same among the three groups. Table 3 shows the effect of insulin treatment on amylase activity. Amylase activity was reduced in the submandibular, sublingual and parotid glands, and serum of diabetic rats compared with controls (to 55.3 %, 33.3 %, 54.1 % and 63.1 %, respectively).
Insulin treatment restored the amylase activity in the salivary glands and serum to their respective control levels. Amylase activity in the pancreas of diabetic rats was significantly reduced (to only 0.8 % of the control), and the activity was recovered to 35.5 % after insulin treatment.
Amylase activity in the liver of diabetic rats was also significantly reduced (to 7.2 %), and insulin allowed recovery to only 17.6 % compared with the controls.
Discussion
In this study, we investigated the effect of streptozotocin-induced diabetes on the activities of amylase and trypsin-like protease in various glands and in serum, and on body weight. Streptozotocin-induced diabetes resulted in a significant decrease in body weight (Table 1) , parotid and submandibular gland weights, and protein content in the glands, but no such decreases in the sublingual gland (data not shown). Trypsin-like protease activity in diabetic rats slightly decreased in the submandibular gland, but not in the sublingual gland (Table 2) . Kurahashi et al.18) indicated that three major salivary glands had different responses to insulin deficiencies in the cholesterol metabolism.
They showed that radioactive acetate incorporation into the cholestrol decreased in the submandibular and parotid glands, but not in the sublingual gland. Liu and Lin4) reported that alloxan-induced diabetes resulted in a significant decrease in body weight and in that of parotid and submandibular glands, furthermore, insulin treatment prevented the retardation of body and glandular growth and prevented defective changes in the glands. Acinar cells in parotid and submandibular glands of dia- (Tables 3) . From these observations, the decrease in the activity of the enzyme in the salivary glands and serum of streptozotocininduced diabetic animals, appears to be caused by insulin insufficiency. But, the activity in the pancreas decreased further more than that in the salivary glands. The restorative effect of insulin treatment in the pancreas was smaller than that in the salivary glands. It seems that an insufficient dose of insulin caused a insufficient restorative effect in the pancreas, and this remains to be elucidated. Korc et al.23) have reported that insulin selectively stimulates the synthesis of amylase mRNA in the pancreas and parotid mRNA is not significantly affected by either diabetes or insulin. We do not know whether insulin has a direct effect on the synthesis of amylase, but it may be one of the factors that regulates the level of the enzyme in the salivary glands. 
